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Background: Inflammation has a major role in disease lead to renal failure and diabetes mellitus, 
controlling inflammation in diabetic kidney receivers could decrease morbidity and mortality. 
Objectives: This study designed for evaluating the efficacy of  pioglitazone on C-reactive protein 
and lipid profile in diabetic kidney transplant receivers.
Patients and Methods: In this double blinded clinical trial, 58 diabetic renal transplant receivers, 
in first month after transplantation, randomized into two groups; receiving insulin and 
pioglitazone (15 mg tablet daily, group A); and insulin and placebo (group B). Blood pressure, 
weight, body mass index (BMI) and laboratory data compared in before and after 4-month 
treatment in two groups by SPSS.
Results: Fifty-eight patients with mean age of  44.15 ± 2 years included. There were no 
significant difference between groups in demographic data and other baseline measured 
variables (P > 0.05) .The mean weigh and BMI were slightly increased in group A and 
decreased in group B. The mean hs-CRP was decreased 4.82 mg/dL in group A and 1.93 
mg/dL in group B (P = 0.007). The mean total serum cholesterol was significantly decreased 
34 mg/dL in group A and 18.07 mg/dL in group B (P = 0.027). The mean serum HDL-C 
was significantly increased 13.31 mg/dL in group A and 5.89 mg/dl in group B (P < 0.001).
Conclusions: Pioglitazone seems to be a safe drug for reducing serum lipids and CRP in kidney 
transplant receivers with diabetes mellitus in short term. Long term effect of  this drug could 
be evaluated in future studies.
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ABSTRACT
1. Background 
Kidney transplantation is the most effective treatment 
for chronic renal failure. Patients with kidney 
transplantation are forced to use glucocorticoids in 
order to prevent rejection, which is the most basic 
element of  transplantation protocols (1). Treatment 
with glucocorticoids is associated with increased risk 
of  diabetes mellitus, insulin resistance, weight gain 
and blood pressure. Other factors such as hepatitis-C 
virus (HCV) or cytomegalovirus (CMV) infections 
can cause blood glucose disorder in patients with 
kidney transplantation. These cases can cause 
conflicts of  islets of  Langerhans cells. Asymptomatic 
CMV infection increases the risk of  diabetes after 
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renal transplantation (2,3). Diabetes is the most 
common cause of  chronic renal failure and in some 
cases; diabetes mellitus occurs immediately after 
transplantation. One of  the effects of  uncontrolled 
blood glucose is increasing inflammatory processes 
that have negative impacts on the prognosis of  renal 
transplantation (1-3). In conducted studies, using 
Thiazolidinedione has been emphasized to reduce 
adverse effects of  uncontrolled blood glucose that 
one of  these effects is reducing the inflammatory 
processes (4).
Controlling inflammatory processes in diabetic 
patients with kidney transplantation will have 
dramatic effects on reducing mortality, because the 
inflammatory processes are integral component of 
the diseases leading to renal failure and diabetes. Also, 
the experimental data showed that inflammation plays 
a role in atherogenesis process (5).
These drugs increase the sensitivity of  insulin 
receptors by PPAR-Ɣ receptors stimulation and 
reduce insulin resistance (6). Pioglitazone is a drug 
of  thiazolidinedione category that in addition to 
controlling glucose, reduces the inflammatory 
processes, and reduces the inflammatory processes. 
Based on studies, pioglitazone does not interfere with 
common transplant medications such as cyclosporine 
and mycophenolate mofetil. These drugs have been 
identified secure for damages to the connective tissue 
(4,5). Pioglitazone consumption is not contraindicated 
with mentioned medications and it does not cause 
any change in the creatinine or tacrolimus levels. 
Pioglitazone does not increase creatinine or the need 
for immunosuppressive drugs in patients with kidney 
transplantation (7-10).
2. Objectives 
This study designed to investigate the effects of 
pioglitazone on inflammatory processes in diabetic 
patients with kidney transplantation and if  this 
medicine would be effective, it will help to increase the 
quality of  life, duration of  life and kidney function, 
reduce health care costs related to transplantation, 
graft rejection, and the need of  alternative treatment 
in patients with kidney transplantation.
3. Patients and Methods 
3.1. Study patients
In this double blind randomized clinical trial, 
patients who had undergone kidney transplantation 
with diabetes, entered to the study. Fasting blood 
glucose (FBS) more than 126 mg/dl, from America 
diabetes association diagnostic criteria, was used to 
diagnose diabetes. The study protocol was designed 
in compliance with the principles of  the Helsinki 
Convention. Cigarette smokers or patients with heart 
failure FC II, III, hepatitis B and C, GFR less than 30 
cc/min, pregnancy, acute rejection with progressive 
renal impairment and creatinine more than 1 
mg/dl did not enter to the study. Patients gave written 
consent before entering the study. Patients divided 
randomly into two groups by closed label method. 
First group received insulin therapy with daily one 
15 mg pioglitazone tablet (A) for four months and 
second group received insulin therapy with placebo 
tablet (B). Placebo tablets were produced identical in 
shape and size with pioglitazone by its manufacturer 
and drug prescriber, those who visit the patients and 
filled the checklists in all stages as well as the person 
who performed the analysis were unaware of  drug 
compounds of  both groups. At the beginning of  the 
study, all patients were examined and interviewed, 
information about various diseases and history of 
present illness and consumed drugs were assessed 
through biography and present documents. On 
height, weight and waist circumference examinations, 
heart, lung and lower extremity examinations carried 
out for presence of  congestive heart failure and other 
mentioned diseases in the exclusion criteria (Figure 1). 
3.2. Laboratory assessments
Patients’ blood samples were taken to check for 
uric acid, lipid profile and hs-CRP. All patients were 
visited monthly, their blood glucose and creatinine 
were controlled monthly by experiments and if 
any problems or side effects were seen, patients 
were excluded from study. After four months the 
examinations were performed again.
Initial and four months laboratory tests were 
conducted using Pars Azmoon lab kits (TG91008, 
CHL91012, CRP92002, LDL-C92004, HDL-C92002, 
and Glu92008) at Labbafinejad hospital laboratory.
3.3. Ethical issues
(a) The research followed the tenets of  the Declaration 
of  Helsinki; (b) informed consent was obtained; and 
(c) the research was approved by the Urology and 
Nephrology Research Center and ethics committee 
of  Shahid-Beheshti University of  Medical Sciences 
and also has Iranian registry of  clinical trials code of 
IRCT2014050117413N2.
3.4. Statistical analysis
Data were analyzed by SPSS version 21 (SPSS Inc. 
Chicago, IL) for windows. At first, study patients 
described using mean descriptive statistics, standard 
deviation, and frequency then two groups compared 
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before intervention by independent sample t test and 
its nonparametric equivalent (Mann-Whitney) for 
quantitative variables, then Chi2 and Fisher exact tests 
used for qualitative variables. After treatment, groups 
wrer compared with above tests. Then before and 
after treatment amounts were compared in each group 
with paired sample t test, its nonparametric equivalent 
(Wilcoxon), and McNemar test. A, P amount less than 
0.05 considered as significant value.
4. Results 
A total of  58 patients were studied (29 patients in 
each group). Sixty-nine percent of  group A were male 
and 31% were female. This distribution was 62 males 
and 38% female in group B (P = 0.58).
The mean age was 44.15 ± 13.82 years that was 44.41 
± 14.24 years in group A and 43.68 ± 13.67 years 
in group B (P = 0.89). The mean weight was 78.73 ± 
11.39 kg and the mean BMI was 28.32 ± 3.76 kg/m2 
(Table 1).
The mean body weight was increased 2.09 ± 1.8 kg 
in group A and decreased 1.45 ± 2.21 kg in group B 
(P < 0.001). The mean waste circle size was decreased 
1.83 ± 4.01 cm in group A and 1.28 ± 3.82 cm in 
group B (P = 0.594). The mean fasting blood sugar was 
decreased 34.56 ± 15.97 mg/dL in group A and 23.83 
± 37.65 mg/dL in group B (P = 0.176). The mean uric 
acid was decreased 0.96 ± 0.73 in group A and 0.77 ± 
0.61 in group B (P = 0.317). The mean serum hs-CRP 
was decreased 4.82 ± 4.79 mg/dL in group A and 1.93 
± 2.56 mg/dL in group B (P = 0.007). In before-after 
evaluations (within groups), there were significant 
difference between before and after amounts in both 
groups (P < 0.05) (Figure 2).
4.1. Lipid profile
The mean triglyceride was decreased 48.59 ± 44.62 
mg/dL in group A and 33.52 ± 31.57 mg/dL in group 
B (P = 0.143). Mean cholesterol was also decreased 34 
± 27.78 mg/dL in group A and 18.08 ± 25.59 mg/
dL in group B (P = 0.027). The mean LDL-C was 
decreased 25.41 ± 20.37 mg/dL in group A and 18.34 
± 18.18 mg/dL in group B (P = 0.169). The mean 
HDL-C was increased 13.13 ± 7.48 mg/dL in group 
A and 5.89 ± 6.26 mg/dL in group B (P < 0.001) 
(Figure 3 and 4).
In before-after evaluations (within groups), there 
were significant difference between before and after 
lipid profile amounts in both groups (P < 0.05).
5. Discussion
According to results, 15 mg pioglitazone daily added 
to routine insulin therapy, could decrease serum hs-
CRP and cholesterol and increase serum HDL-C in 
diabetic renal transplant receivers. Pioglitazone could 
also help to control the blood glucose better.
Given that the patients enrolled to the study after renal 
transplantation and were treated with prednisolone 
and immunosuppressive drugs, it seems that these 
drugs have an impact on the amount of  lipid reduction 
in both groups.
The results of  this study are similar to the results of 
Figure 1. Study flow chart according to CONSORT 2010
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Luther et al in 2004 on serum lipids changes, however 
both studies did not report significant changes in 
lipids levels (7). 
The results of  the present study are inconsistent with 
Mattoo et al study in 2005, on significant reduction 
in levels of  LDL-C, cholesterol, triglycerides and hs-
CRP after treatment with pioglitazone. The difference 
is that, the target group of  Mattoo’s study was not 
patients with kidney transplantation and significant 
change has not been stated in the amount of  cholesterol 
and triglycerides in the control group. Follow-up 
period of  patients in Mattoo’s study was six months 
(8). The results of  the present study are consistent 
with the study of  Hanefeld et al too (9). Likewise, the 
results of  our study are similar to the study by Szapary 
et al on reduction levels of  inflammatory markers and 
serum lipids (11). Additionally, study of  Davidson 
et al on increase of  weight and BMI and decrease 
of  hs-CRP in pioglitazone group was in accord with 
the findings of  our study. However, the difference is 
that, Davidson et al study, was not on patients with 
kidney transplantation which follow-up period was 
24 weeks and also glimepiride drug prescribed for 
control group (12). Furthermore the findings of  Han 
Table 1. Comparison of  characteristics and laboratory findings before and after treatment between groups
Variables Pioglitazone (n=29) Placebo (n=29) P value
Age, year 44.41 (14.24) 43.36 (13.67) 0.89
Male, frequency (%) 20 (69.0%) 18 (62.1%) 0.58
Weight, kg
Before 78.58 (13.12) 77.87 (9.58) 0.923
After 80.67 (13.47) 77.43 (10.21) 0.306
Changes 2.09 (1.8) - 1.45 (2.21) <0.001
BMI, kg/m2
Before 28.2 (4.06) 28.42 (3.84) 0.826
After 28.95 (4.13) 27.88 (3.53) 0.294
Changes 0.74 (0.65) - 0.55 (0.84) <0.001
Waste, cm
Before 105.41 (13.25) 106.84 (10.26) 0.733
After 103.59 (12.28) 105.2 (10.96) 0.598
Changes - 1.83 (4.01) - 1.28 (3.82) 0.594
FBS, mg/dL
Before 137.43 (28.81) 141.65 (67.64) 0.762
After 103.33 (21.95) 117.82 (40.28) 0.104
Changes - 34.56 (15.97) - 23.83 (37.65) 0.176
Uric Acid, mg/dL
Before 5.83 (1.03) 5.62 (1.13) 0.499
After 4.87 (0.88) 4.86 (0.92) 0.951
Changes - 0.96 (0.73) - 0.77 (0.61) 0.317
hs-CRP, mg/dL
Before 8.38 (7.63) 9.06 (7.96) 0.743
After 3.56 (3.18) 7.13 (7.54) 0.026
Changes - 4.82 (4.79) - 1.93 (2.56) 0.007
TG, mg/dL
Before 207.34 (61.43) 196.82 (50.86) 0.481
After 158.76 (36.73) 163.31 (42.42) 0.664
Changes - 48.59 (44.62) - 33.52 (31.57) 0.143
Cholesterol, mg/dL
Before 189.07 (46.04) 183.68 (45.34) 0.656
After 155.07 (33.73) 165.62 (38.65) 0.273
Changes - 34.0 (27.78) - 18.07 (25.59) 0.027
LDL-C, mg/dL
Before 113.28 (25.54) 111.72 (29.76) 0.832
After 87.86 (11.38) 93.38 (17.89) 0.167
Changes - 25.41 (20.37) - 18.34 (18.18) 0.169
HDL-C, mg/dL
Before 48.89 (8.34) 50.62 (8.11) 0.428
After 62.21 (9.54) 56.52 (7.65) 0.015
Changes 13.31 (7.84) 5.89 (6.26) <0.001
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et al showed the changes in hs-CRP, and cholesterol 
in patients who taking pioglitazone, which was similar 
to our findings (13).
Likewise, the results of  the present study was 
consistent with Liu et al study in 2013 on reduction of 
hs-CRP levels. However, the difference is that, drug 
taking period was 24 weeks, the control group received 
sitagliptin drug and they concluded that pioglitazone 
had a significant effect in reducing plasma glucose, 
hs-CRP and HbA1c (14).
Additionally, present study approved the results 
of  the study by Suzuki et al., in 2013 on hs-CRP 
reduction. Importantly, blood pressure, HbA1c and 
fasting plasma glucose reduction are mentioned 
in their patients. The study stated positive effects 
of  medication with candesartan and pioglitazone 
on reducing blood pressure, inflammatory markers 
and improving metabolism in patients with type II 
diabetes (10).
Due to the significant reduction in serum lipids, 
Figure 3. Mean total cholesterol before and after 
intervention in two groups.
Figure 4. Comparison of  mean HDL-C changes after 
intervention between pioglitazone and placebo groupsFigure 2. Mean hs-CRP before and after intervention in 
two groups.
inflammatory markers, uric acid and fasting blood 
glucose of  patients with kidney transplantation 
after administration of  pioglitazone, this drug 
can prevent metabolic disorders after renal 
transplantation, however decision making about 
long-term effects of  drug on patients with kidney 
transplantation needs more studies (12-15). It is 
recommended that in future studies, longer treatment 
duration be considered for patients and patients 
are examined for longer duration. Also, the effect 
of  pioglitazone drug accompaniment with other 
anti-diabetic medications should be evaluated. The 
effect of  this drug on blood pressure and HbA1c 
after transplantation could also be examined in 
future studies. Therefore, it is also suggested that the 
effect of  this drug be compared with other drugs in 
diabetic and non-diabetic patients who received organ 
transplantation.
6. Conclusions
Oral pioglitazone seems to be a safe drug for reducing 
serum lipids and hs-CRP in kidney transplant receivers 
with diabetes mellitus in short-term evaluation. Long-
term effect of  pioglitazone therapy in diabetic kidney 
transplanted patients could be evaluated in future 
studies. 
Authors’ contributions
Collecting data: RA, NN, and KRG. Statistical 
analysis: HKS. Drafting manuscript: HKS, RA, NN, 
and AB. Study supervision: KRG.
Conflict of  interests
The authors declared no competing interests.
Funding/Support
This study was extracted from residential thesis of 
 www.nephropathol.com      Journal of  Nephropathology, Vol 4, No 2, April 2015
                          Pioglitazone therapy in renal transplantation 
53
Copyright © 2015 The Author(s); Published by Society of  Diabetic Nephropathy Prevention. This is an open-access article 
distributed under the terms of  the Creative Commons Attribution License (http://creativecommons.org/licenses/by/4.0), 
which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.
Dr Arashnia. This study was supported by a grant 
from Shahid-Beheshti University of  Medical Sciences 
(grant#135).
References
1. Midtvedt K, Hjelmesæth J, Hartmann A, Lund K, 
Paulsen D, Egeland T, et al. Insulin resistance after 
renal transplantation: the effect of  steroid dose 
reduction and withdrawal. J Am Soc Nephrol 
2004;15(12):3233-9.
2. Bloom RD, Rao V, Weng F, Grossman RA, 
Cohen D, Mange KC. Association of  hepatitis C 
with posttransplant diabetes in renal transplant 
patients on tacrolimus. J Am Soc Nephrol 
2002;13(5):1374-80.
3. Pak CY, Eun HM, McArthur RG, Yoon JW. 
Association of  cytomegalovirus infection with 
autoimmune type 1 diabetes. Lancet 1988; 2 
(8601):1-4.
4. Baldwin D Jr, Duffin KE. Rosiglitazone 
treatment of  diabetes mellitus after solid organ 
transplantation. Transplantation 2004;77(7):1009-
14.
5. Colucciello M. Vision loss due to macular edema 
induced by rosiglitazone treatment of  diabetes 
mellitus. Arch Ophthalmol 2005;123(9):1273-5.
6. Longo D, Fauci A, Kasper D, Hauser S, Jameson 
J, Loscalzo J. Harrison’s Principles of  Internal 
Medicine. 18th Edition. Mcgraw-hill; 2011.
7. Luther P, Baldwin D. Pioglitazone in the 
management of  diabetes mellitus after 
transplantation. Am J Transplant 2004;4(12):2135-
8 .
8. Mattoo V, Eckland D, Widel M, Duran S, Fajardo 
C, Strand J, et al. Metabolic effects of  pioglitazone 
in combination with insulin in patients with type 2 
diabetes mellitus whose disease is not adequately 
controlled with insulin therapy: results of  a six-
month, randomized, double-blind, prospective, 
multicenter, parallel-group study. Clin Ther 
2005;27(5):554-67.
9. Hanefeld M, Marx N, Pfützner A, Baurecht 
W, Lübben G, Karagiannis E, et al. Anti-
Inflammatory Effects of  Pioglitazone and/or 
Simvastatin in High Cardiovascular Risk Patients 
With Elevated High Sensitivity C-Reactive 
ProteinThe PIOSTAT Study. J Am Coll Cardiol 
2007;49(3):290-7.
10. Suzuki H, Sakamoto M, Hayashi T, Iuchi H, Ohashi 
K, Isaka T, et al. Effects of  co-administration of 
candesartan with pioglitazone on inflammatory 
parameters in hypertensive patients with type 2 
diabetes mellitus: a preliminary report. Cardiovasc 
Diabetol 2013;12(1):71.
11. Szapary PO, Bloedon LT, Samaha FF, Duffy D, 
Wolfe ML, Soffer D, et al. Effects of  pioglitazone 
on lipoproteins, inflammatory markers, and 
adipokines in nondiabetic patients with metabolic 
syndrome. Arterioscler Thromb Vasc Biol 
2006;26(1):182-8.
12. Davidson M, Meyer PM, Haffner S, Feinstein 
S, D’Agostino R, Kondos GT, et al. Increased 
high-density lipoprotein cholesterol predicts 
the pioglitazone-mediated reduction of  carotid 
intima-media thickness progression in patients 
with type 2 diabetes mellitus. Circulation 
2008;117(16):2123-30.
13. Han SJ, Hur KY, Kim YS, Kang ES, Kim SI, Kim 
MS, et al. Effects of  pioglitazone on subclinical 
atherosclerosis and insulin resistance in 
nondiabetic renal allograft recipients. Nephrology 
Dialysis Transplantation 2010;25(3):976-84.
14. Liu SC, Chien KL, Wang CH, Chen WC, Leung 
CH.Efficacy and safety of  adding pioglitazone 
or sitagliptin to patients with type 2 diabetes 
insufficiently controlled with metformin and a 
sulfonylurea. Endocr Pract 2013;19(6):980-8.
15. Werzowa J, Hecking M, Haidinger M, Lechner 
F, Döller D, Pacini G, et al. Vildagliptin and 
pioglitazone in patients with impaired glucose 
tolerance after kidney transplantation: a 
randomized, placebo-controlled clinical trial. 
Transplantation 2013;95(3):456-62.
